Electrons have been scattered inelastically from an alcohol-water target containing protons polarized normal to the scattering plane. Scattered-electron energies corresponding to the excitation of the 1236-, 1512-, and 1688-MeV nucleon resonances were observed at four-momentum transfers between 0.2 and 0.7 ( B~V / C )~. A search was made for changes in the intensity of the scattered electrons as the target polarization was reversed. None was seen.
This Letter reports the results of an experiment to test time-reversal (T) invariance in the inelastic scattering of high-energy electrons from a polarized proton target. A violation of T invariance in the electromagnetic interactions of hadronsl would be evidenced by a change in the intensity of scattered electrons upon reversal of the target polarization.' Such a violation of T invariance has been proposed to explain the observation of the CP-nonconserving decay KLO -n +~-.~ The test involved the measurement of an asymmetry in the doubly differential electron-proton scattering cross section, d20/dndE1, denoted by where o+ (a+) is the doubly differential cross section with the target polarization parallel (antiparallel) to f i , the normal to the scattering plane. n^ =tkxE1/] k x k t I , where E and E1 a r e the incident and scattered electron momenta, respectively. -P i s the average nucleon polarization of the target.
T noninvariance implies the existence of a scalar-transverse interference term in the measured cross section. The phase difference 6 between the scalar and transverse amplitude i s r elated to the above asymmetry by4 where a is the cross section for an unpolarized target, COT is the cross section due to the interference between the scalar and transverse amplitudes, and E i s the polarization of the transverse components of the virtual photon.
Since the magnitude of the asymmetry depends on the amount of scalar-transverse interference, the kinematic regions studied (Table I) were chosen with a view to maximizing goT. At the 1236-MeV resonance, large scalar amplitudes have been reported5 at four-momentum transfers between 0.1 and 0.3 (BeV/c)'. Similarly, at the 1512 resonance both scalar and transverse contributions a r e strongly indicated.' In the present experiment, we searched for asymmetries at n-N center-of-mass system energies ranging from 1130 to 1770 MeV, at four-momentum transfers between 0.2 and 0.7 (BeV/c)'.
An external electron beam from the Cambridge Electron Accelerator was directed at an alcoholwater target containing protons polarized normal to the plane of scattering. Unscattered electrons passed through a balanced ionization chamber, which monitored the beam position to within 0.1 mm, and into a Faraday cup (Fig. 1) . A thin secondary-emission monitor was placed in front of the Faraday cup a s an additional beam monitor. Electrons scattered at small angles were momentum analyzed in a half-quadrupole magnetic spectrometer7 with a momentum acceptance ~p / p of 16%. Separation of electrons from other scattering products was accomplished by means of a threshold gas Cerenkov counter and a lead-Lucite shower counter. Only the scattered electrons were detected. Data were stored, event by event, on magnetic tape using a PDP-1 on-line computer, which permitted experimental checks during data acquisition and detailed postrun analysis.
Free protons in the 92%-8% alcohol-water target,' which was saturated with porphyrexide, were dynamically polarized in a 25-kG field produced by a superconducting magnet wound with Ni-40Ti wire. The average polarization of the free protons was approximately 22 O/ o before exposure to the electron beam, but was reduced appreciably by irradiation. The decay of the polarization was consistent with an exponential de- creases with a decay constant of cp, = (5.2 i 2.7) x 1014 (minimum-ionizing particles)/cm2. At a beam intensity of 2 x 10'' electrons/sec, the polarization in a small 0.15-cmx l-cm section of the target, which was irradiated by the beam, was reduced by 35% in approximately 30 min. In order to irradiate the entire target uniformly, the 2.5-cm high target was moved 0.05 cm vertically after each pair of 3-min runs. One passage over the target lasted about 5 h and resulted in about 20% reduction in polarization. Some targets were used for a second such traversal. For each kinematic region 180 3-min runs were taken with the target polarization reversed according to the following pattern: 4 .)+4 + 4 4 + in order to reduce the effects of systematic drifts in the apparatus. The polarization was reversed at fixed magnetic field by changing the 70-GHz microwave frequency used to saturate the forbidden transitions of the sample by approximately 214 MHz. No other changes were made in the apparatus. The incident beam energy, the electron scattering angle, and the efficiencies of the counters were carefully monitored during the course of the experiment in order to record any drifts in these parameters. In general, the changes in the cross section introduced by these drifts were much smaller than the 2% statistical e r r o r associated with the 2500 counts typically recorded in each 3-min run. In all cases, correcting the measured asymmetries for these variations produced a change of less than oneseventh of a standard deviation in the final averaged asymmetries. We have checked the data for charged-pion contamination by imposing several different biases in the shower and Cerenkov counters. There were no significant changes in the asymmetries a s the bias levels were varied.
Shown in Table I and Fig. 2 a r e the values of the average asymmetries obtained for the different a -N center-of-mass system energies studied. In all cases the asymmetries a r e consistent with zero and, therefore, with the hypothesis of T in- Table I .
No attempt h a s been made to account for the effects of two-photon-exchange processes. However, based on measurements a t the elastic peak," any asymmetries introduced by these processes a r e expected to be negligible.
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